In this paper, a novel italic detection and rectification method without the prerequisite of character recognition is proposed. The merit of the proposed method is that it can be operated directly on a single character so that more accurate statistical information can be obtained. The rationale of our proposed method is that the difference of certain features derived from italic style characters after shear transformation will be canceled, whereas the difference will be more obvious for non-italic style (normal style) characters.
INTRODUCTION
The problem of italic detection can then be treated as the detection of existence or inexistence of shear transformation operated on the character image. On the other hand, the problem of italic rectification is to find out the exact shear angle to perform the inverse shear transformation.
Knoubyari and Hull [1] introduced a method that identifies the predominant font (style) of a document image by matching clusters of word images against a pre-generated font (style) database. Cooperman [2] used a set of local detector to estimate the style attributes, such as serifness and boldness, and then utilized these features to perform the tasks of style detection and OCR simultaneously. Zhu et al [3] proposed a global texture-analysis-based style recognition method on normalized text blocks. Shi and Pavlidis [4] proposed a method to discriminate italic and non-italic styles by analyzing the histogram of stroke slopes of the whole text block. Nevertheless, Chaudhuri and Garain [5] presented some OCR-free document processing techniques operating on character level, such as shape properties, to extract the meta-information including character font, size, etc. from document images and then generalize it to word level. Sun and Si [6] used gradient direction to detect slanted characters presented in document images with a few italic words.
Zhang et al [7] used stroke pattern analysis on wavelet decomposed word images to detect the presence of italic style. It can still work under a few italic words and resist the phenomenon of inter-connected characters. However, it needs to train the database to select the suitable threshold.
In our proposed approach, the virtual strokes embedded in the considered character image are extracted first. Then, the alphabets are classified into three classes based on the structural information of the extracted virtual strokes. The italic and non-italic style characters can then be distinguished based on the classification rule devised for each class of characters. Last, the exact shear angle of the identified italic character is calculated to perform more accurate reverse shear transformation to rectify the italic style character into normal (non-italic) style character.
CHARACTER SEGMENTATION AND SHEAR TRANSFORMATION
As we know, the existence of italic style will affect the result of character segmentation If the shear angle of italic style characters is known in advance, it will definitely be helpful in finding accurate segmentation paths. Li et al [8] proposed a segmentation method for touching italic characters by estimating the slant (shear) angle in finding the suitable cut path.
The process for estimating the slant angle can be stated as follows. First, the slant projection is performed and the blank lines in each direction in the text line are counted to choose the maximum as the possible slant angle θ. Then, segment the character along the slant angle θ and shear the character block approximately the angle θ by equation (1) as the reference for later italic detection task.
VIRTUAL STROKE EXTRACTION
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The process of virtual stroke extraction in our previous work [9] is stated as follows. First, the original character image F o (x,y) is shifted right one pixel to get the image F r (x,y) and is shifted left one pixel to get the image F l (x,y). Next, AND operation is operated on F o (x,y) and F r (x,y) to generate F AND (x,y) and then XOR operation is manipulated on F o (x,y) and F AND (x,y) to produce the left virtual stroke S l (x,y) of the character. Replace F r (x,y) by F l (x,y) and repeat the above procedure, we can produce the right virtual stroke S r (x,y) of the character. Similarly, the up virtual stroke S u (x,y) and bottom virtual stroke S b (x,y) of the character can be generated by replacing the above F r (x,y) with F b (x,y) and F u (x,y), respectively. Here, F b (x,y) and F u (x,y) are obtained by shifting F o (x,y) down and up one pixel, respectively.
STROKE CATEGORIZATION AND CHARACTER CLASSIFICATION
The result of OCR Process could help us to detect italic but it is time-consuming. To resolve this problem, the considered character is first classified into three classes according to the structural information of the virtual strokes embedded in the character. The features deriving from stroke structure in the same character class will thus be the same and thereby without the needing of performing OCR.
VIRTUAL STROKE CATEGORIZATION
We can categorize each virtual stroke extracted from a character into two categories according to the gradient direction. They are cursive and non-cursive strokes. The task of character classification is performed according to the composition of the identified strokes extracted from the character.
The procedure for discriminating cursive and non-cursive virtual strokes can be stated as follows. First, scan the right virtual stroke S r (x,y) from right to left and mark the first black pixel encountered and record the distance from the starting scanning point to the marked pixel to generate the depth function D r (y). Similarly, scan the left virtual stroke S l (x,y) from left to right and mark the first black pixel encountered and then record the distance from the starting scanning point to the marked pixel to generate the depth function D l (y). Next, obtain the first-order derivatives D r '(y) and D l '(y) of D r (y) and D l (y), respectively. D r '(y) and D l '(y) can be treated as the direction function of the right virtual stroke S r (x,y) and left virtual stroke S l (x,y), respectively. If the first-order derivatives of a virtual stroke changes sign, the considered stroke is a cursive stroke. Otherwise, it is a non-cursive stroke (either vertical or slant stroke).
CHARACTER CLASSIFICATION
Since the prominent features embedded in italic style characters are presented mainly in the vertical direction, the horizontal virtual strokes can thus be ignored during the character classification process. With the composing virtual strokes of the considered character being categorized, certain rules are devised to classify the character into the three character classes. Shown in Figure 1 is the flow diagram for virtual stroke categorization and character classification.
ITALIC DETECTION
In our work, the features used in detecting the presence of italic style in different character classes are different which are devised by observing the impact of shear transformation on the original shape of the considered character.
There are two main effects appearing on the outlook of a character image before and after shear transformation on which the proposed method is based. Firstly, the vertical stroke is changed to a slant stroke and a slant stroke is changed to a vertical stroke though shear transformation, Secondly, the shape of the vertical projection of a vertical stroke will be changed from rectangle to trapezoid (or triangle in the extreme case), whereas the shape of the vertical projection of a slant stroke will be changed from trapezoid or triangle to rectangle. The rationale of the designed italic detection method relies mainly based on these two observing phenomena.
ITALIC DETECTION OF CLASS 1 CHARACTERS
Since there exists only one non-cursive stroke in class 1 characters, the first observing phenomenon will be useful in italic detection of class 1 characters. In this paper, the feature of the sum of gradient in vertical projection in adopted to detect the presence of italic style in class 1 characters.
The procedure is stated as follows. Firstly, project the character image in vertical direction and get the height f(x) in position x. Then, calculate the gradient f'(x) of the height function f(x). Finally, perform the detection task by comparing the sum of the gradient of the height function.
It is obvious that the sum of gradient in vertical stroke will be larger than that in slant stroke. As mentioned previously, the slant stroke in italic style characters will become vertical stroke and the vertical stroke in non-italic style characters will become slant stroke. Hence, if the sum of gradient of a character increases after shear transformation, then it is an italic character. Otherwise, it is a non-italic character.
ITALIC DETECTION OF CLASS 2 CHARACTERS
It is difficult to detect italic style of class 2 characters which are composed of cursive strokes by merely using the feature of curvature. The reason is that the curvatures of the same stroke in different fonts of class 2 characters will be different. Hence, the curvatures of the cursive strokes after shear transformation are unpredictable which rely heavily on the font type. After careful analysis, we find that the widths of the character blocks in class 2 characters will always vary after shear transformation. It satisfies the observing phenomenon 2 which states that the widths of non-italic characters will increase after shear transformation and the widths of italic characters will decrease after shear transformation. This is the criteria on which the italic detection of class 2 characters is based.
ITALIC DETECTION OF CLASS 3 CHARACTERS
A class 3 character is composed of a pair of non-cursive strokes. It may be a pair of parallel straaight strokes (such as H, M, N) or a pair of non-parallel straight strokes (such as A, V, W). If the character is not known in advance, we can not know whether the pair of straight strokes is parallel or non-parallel. However, we need to further divide class 3 characters into these two groups, group 1 which is formed by a pair of parallel straight strokes and group 2 which is formed by a pair of non-parallel straight strokes, because the features adopted in the italic detection of these two groups of characters are different. Let us formally define θ 1 as the angle spanned between the left virtual stroke and the horizontal line and θ 2 be the angle spanned between the right virtual stroke and the horizontal line. The decision rules for italic detection of class 3 characters are:
If θ 1 = θ 2, then the character belongs to group 1 (a pair of parallel straight strokes)
If
, then the character is italic style Otherwise; the character is non-italic style
then the character is a group 2 italic style character Otherwise; the character is a group 1 non-italic style character
ITALIC RECTIFICATION
As we know, shear transformation is reversible. An italic style character can be corrected to a non-italic style character via reverse shear transformation if we can know the rotating angle θ in advance. However, the difficulty is the finding of the exact rotating angle because the rotating angles of different fonts in forming the italic characters will be different. To remedy this problem, certain intermediate results generated in the italic detection process can be utilized to obtain the more accurate shear (rotating) angle. The detail process is stated in the following subsections.
ITALIC RECTIFICATION OF CLASS 1 CHARACTERS
Since there is only one straight stroke and the stroke is a vertical stroke in each non-italic class 1 character, the shear angle θ of an italic style character will always be produced for italic detection purpose. The shear angle θ of a class 1 italic character is the slope of the right virtual stroke or left virtual stroke depending on the appearing side of the straight stroke.
ITALIC RECTIFICATION OF CLASS 2 CHARACTERS
According to the devised classification rule, we know that the widths of a class 2 character are almost the same in all positions. For class 2 italic characters, the shear transformation operated will increase the width of the character. The rationale in rectifying class 2 italic characters is to minimize the width increase by utilizing reverse shear transformation. Let the width increase of the character be denoted byΔW and the height of the character be H. The shear angle in minimizing the width increase can be calculated as follows..
ITALCI RECTIFICATION OF CLASS 3 CHARACTERS
The rectification process of class 3 group 1 characters which is very similar to that of class 1 characters due to the structural similarity in these two classes of characters. Since there are two straight strokes in class 3 group 1 characters, the shear angle can be found from the slope of either right virtual stroke or left virtual stroke.
As to the rectification of group 2 characters, the symmetry in normal style characters will be destroyed after shear transformation. The rationale in rectifying this kind of characters is to recover the symmetry of the characters after reverse shear transformation.
Shown in Figure 2 is an example illustrating the rectification of a class 3 group 2 italic character "V". Note that the symmetry between the left virtual strokes and the right virtual stroke can be recovered by performing the reverse shear transformation.
EXPERIMENTAL RESULTS
Experiments were conducted on various font types. 50 samples for each character in different font types were selected as the testing images and satisfactory accuracy rate is obtained. The average false acceptance rate (FAR) in detecting italic style characters is 0.41% and the average false rejection rate (FRR) is 0.15%.
Most detection errors are resulted from the errors occurring in character classification. For example, some extra strokes for beautification purpose may be produced which might result in the mistake in character classification.
CONCLUSIONS
The difficulty in italic detection is that there is no common regular feature inherent in all italic style characters. The features of different italic style characters will be different, which depend heavily on the shape of the character and the effect resulting from shear transformation. In our proposed approach, classifying the characters into three classes and comparing the common structural features in the character images before and after shear transformation without any threshold solve this problem.
The purpose of italic detection is to distinguish the italic style character from its corresponding non-italic style character. Currently, the rules generalized from the features are only suitable to be employed for italic detection of English characters. The rules will be different for different languages. The generalization of italic detection rules that are suitable for different languages and the associating font types is also the goal to be pursued in the future.
